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THE REDUCTION OF THE NOISENIBRATION GENERATED 
BY THE DISCHARGE VALVE SYSTEM 
IN HERMETIC COMPRESSOR FOR REFRIGERATOR 
Hyuk Lee, Jung-sik Park, K yung-bum Hur 
Digital Appliance Laboratory, LG Electronics Inc. 
ABSTRACT 
This study focuses on how to reduce the noise generated by the discharge valve system. For 
this, the three noise transmission paths related to the discharge valve system were derived, 
and their characteristics were analyzed. Also the design methods for reduction of noise due to 
the discharge valve system are proposed, and were applied to a real hermetic compressor for 
refrigerator. 
1. INTRODUCTION 
The noise and vibration generated by a hermetic compressor while it is nmning as well as 
during its start and stop is a very important criteria to the customer. It is well known that the 
noise of hermetic compressor can roughly be separated into two parts, low frequency band 
noise (400~630Hz band) and high frequency band noise (upper 2.5kHz). In our system, the 
high frequency band noise mainly depends upon the discharge valve system composed of 
discharge valve, discharge valve spring, discharge cover, and discharge plenum. In our 
system, the noise transmission mechanisms of the discharge valve system can be classified 
into the following three. 
(1) Discharge valve impact force when it is closed. 
(2) Discharge pressure pulsation 
(3) Discharge valve spring vibration 
The aim of this research is to analyze the characteristics of the noise transmission 
mechanisms induced by the discharge valve system analytically and experimentally, and to 
suggest the several methods for reducing the noise. For identifying the noise mechanism, the 
six signals, that is, the discharge valve behavior, the piston acceleration, the cylinder block 
acceleration, the cylinder pressure, the excitation force generated by the discharge valve 
spring, and pressure fluctuation in the discharge plenum, were measured simultaneously 
during operation. Based on the measured signals, the characteristics of the noise 
transmission mechanism were analyzed, and the design topologies for noise reduction will 
be suggested with the applied results. 
2. NOISE GENERATED BY THE DISCHARGE VALVE SYSTEM 
As shown in <Figure 1>, the discharge valve system of hermetic compressor for 
refrigerator is composed of the discharge valve, discharge valve spring, discharge cover and 
discharge plenum. Also the discharge valve system is connected to the shell by the delivery 
pipe. The discharge valve is operated by the pressure difference between the cylinder and 
the discharge cover. The role of discharge valve spring is to help the discharge valve shut 
down quickly. 
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The compressor noise generated by the discharge valve system can be classified into the 
following three. 
(1) Impact between discharge valve and valve seat when it is closed. 
The impact force of discharge valve generates the vibration of compressor body, and the 
vibration energy is transmitted to the shell through the delivery pipe and the supporting springs. 
(2) Discharge pressure pulsation 
According to noise transmission path, the pressure pulsation during discharge process can be 
separated into the low frequency pulsation (under 500Hz) and the high frequency pulsation (over 
2kHz). 
Though the power of the low frequency pulsation is insufficient to vibrate the shell, it can 
excite the condenser pipe connected to the shell. Therefore, it is related not to the noise of 
compressor itself but to the noise of the whole refrigerator set. 
The characteristics of high frequency pulsation is highly dependent upon the geometric shape 
of the discharge plenum, since the discharge plenum has its own acoustic resonance. The 
discharge pressure pulsation amplified by the discharge plenum excites the delivery pipe and 
compressor body, and finally their vibrations transmit oscillating power to the shell. 
(3) Discharge valve spring vibration and contact force between the discharge cover 
Since the discharge valve spring has its own resonance frequencies, its motion can be amplified 
near the resonance frequencies, and it may induce the compressor noise. Also, the unstable 
installation condition of the valve spring may cause the abnormal noise, for example the friction 
noise between the valve spring and the discharge cover. 
3. THE CHARACTERISTICS OF DISCHARGE PROCESS 
For analyzing the characteristics of discharge process, the six signal, as shown in <Figure 2> 
were measured simultaneously [Experimental condition : HFC 134a, Ps= 1.17kgf/cm2, 
Pd= 14.99kgf/cm2]. 
Signal <a> is the motion of the discharge valve measured by gap sensor. As shown in figure, 
the discharge valve is opened twice per 1 cycle, and in the first opening time, it doesn't contact 
the valve seat 
Signal <b> is the y-directional acceleration of 
the piston. Through valve opening process, the 
motion of piston is oscillated by the pulsation of 
the cylinder pressure, and the residual vibration 
is generated by the impact force between 
discharge valve and valve seat in the closing 
time. 
Signal <c> is the y-directional acceleration of 
cylinder block. There is high frequency ripple 
in the whole process, and especially, the 
residual vibration in the valve closing time. The 
main frequency of the residual vibration is 
about 1500Hz, which is the fundamental natural 
frequency of the cylinder block. 
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<Figure 2> The six signals measured simultaneously during the normal operation 
Signal <d> is the pressure pulsation inside cylinder. Since the discharge port of our system is 
so big, the overshooting pressure is under 2 bar. 
Signal <e> is the contact force between the discharge valve sp1ing and the discharge cover, 
measured by force transducer. In the valve closing time, there is the 6kHz ripple which is 
amplified by the resonance frequency of the discharge valve spring. 
Signal <f> is the pressure pulsation inside the discharge plenum. It shows the low frequency 
pulsation generated near valve opening time, and the high frequency ripple in whole process. 
From the six signal measurements, the following three phenomena can be derived. 
(1) The impact between the discharge valve and valve seat in the closing time is the main noise 
source, since it excites the whole body. 
(2) Low frequency pressure pulsation in discharge plenum is caused by the discharge valve 
open. 
(3) There is the residual vibration of the discharge valve spring, whose frequency is related to 
the resonance frequency of the discharge valve spring. 
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4. DISCHARGE VALVE IMPACT 
Although several factors can influence on the compressor noise generated by the discharge 
valve impact, the following three is dominant in determining the noise level. 
(1) Discharge valve mass 
Since the impact force of the discharge valve is directly proportional to the discharge valve 
mass, the compressor noise caused by the discharge valve impact can be reduced by mass 
reduction ofthe discharge valve. <Figure 3> shows the comparison ofthe cylinder block 
vibrations as the mass of the discharge valve changes. The discharge valve mass of <case-b> is 
1/3 times lighter than that of <case-a>. As compared to the cylinder block acceleration of 
<case-a>, the high frequency component of <case-b> is reduced dramatically. By mass 
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<Figure 3> The comparison of frame acceleration with the mass change of the discharge valve 
(2) The stiffness and pre-loading force of the discharge valve spring 
The stiffness and pre-loading force of the discharge valve spring influence directly on the 
motion of discharge valve. <Figure 4> compares the discharge valve motions, the piston 
accelerations, and the cylinder block accelerations with the change of the discharge valve 
spring. When the stiffness of <case-a> is denoted as 'k', that of <case-b> and <case-c> is '2k' 
and '4k', respectively. As the discharge valve spring is stiff, the maximum displacement of the 
discharge valve motion is low and the high frequency component of cylinder block acceleration 
is reduced. In general, noise from the valve impact and valve spring is apt to reduced with 
stiffness increase of the discharge valve spring. However, the energy efficiency of compressor 
may be decreased from the increase of the overshooting loss during discharge process. 
Fifteenth International Compressor Engineering Conference at 
Purdue University, West Lafayette, IN, USA- July 25-28, 2000 590 
I I I 1 1 1 I I I 
·:.t:t:;\ n. 
I I I I t/ 
- ' - -' - -'- - '- - i. - - '·' - - '- - '- -: : : : /: :: ~: : : 
_ ~ - -' - -I- - 1_ i ~ - ~ _ I - _ 1_ - 1_ -
I I I I f I I I I 
I I I o; I 1 
I I I ~~ I I 
' -~-..---~ 
I I I /I I I :; I 
I I I I I I I ~I . I 
- .1- ..J- _,j- I_- L- ..1-. •-- .!,_ L-
\.Y:~::\ 
1i~~-~ -~- I-
~:V ; - .:. -:. - : - ~ - : - , -
I I I I I I ~~ 
0 2 4 6 8 10 
<Case-a> The stiffness is 'k'. <Case-a> The stiffness is '2k'. 
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<Case-a> The stiffness is '4k'. 
<Figure 4> Comparison of valve motion, cylinder block acceleration, 
and piston acceleration with the stiffness change. 
(2) The fundamental natural frequency of the cylinder block 
Since the cylinder block transmits the 
impact force of the discharge valve to the 
shell, the clossness between the fundamental 
frequency of the cylinder block and the shell 
is the most important factor in determining 
the compressor noise level due to valve 
impact. <Figure 5> shows the fundamental 
mode shape measured experimentally. 
Considering that the natural frequencies of the 
shell are located over 2500Hz, the 
fundamental frequency of the cylinder block 
should be designed to locate under 1600Hz. 
<Figure 5> Fundamental Mode shape 
of cylinder block 
5. DISCHRGE PRESSURE PULSATION 
Discharge pressure pulsation can be separated into two parts, the low frequency component 
(under 500Hz) and the high frequency component (over 2kHz). 
The low frequency pulsation influences on the total refrigerator noise, not the compressor itself. 
The most efficient method for reducing the low frequency pulsation is to install the multiple 
plenum as many as possible. <Figure 6> shows the pressure pulsation of the two plenum system 
and the three plenum system. As compared to the two plenum system, the pressure amplitude of 
the three plenum system is reduced half, and also the high frequency ripple is disappeared. 
However, the energy efficiency of compressor may be decreased from the overshooting loss, as 
the number of the plenum increases. 
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<Figure 6> The comparison of discharge pressure pulsation 
High frequency component of the discharge 
pulsation is directly dependent upon the geometric 
shape of the plenum, since the acoustic resonance 
of the plenum can amplify the pulsation. The 
acoustic characteristics of the discharge plenum 
can be derived from the acoustic impedance 
between discharge valve surface and delivery pipe, 
shown in <Figure 7>. Since the geometric shape of 
plenum is so complicated, the calculation of 
acoustic impedance needs BEM code. 
<Figure 8> compares the acoustic impedance 
calculated by SYSNOISE with the experimentally 
measured discharge pressure pulsation during 
normal operation condition. 
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<Figure 7> the acoustic model of 
discharge plenum 
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<Figure 8> The comparison of the acoustic impedance and the discharge pressure pulsation 
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Since two figures show the qualitative coincidence of resonance frequency( !.7kHz, 3.2kHz) 
under 5kHz, the impedance model of <Figure 7> is valid for estimating the acoustic resonance 
frequencies of the discharge plenum. For the low compressor noise, the acoustic resonance 
frequencies of the discharge plenum should be designed to avoid the natural frequencies of the 
shell. 
6. DISCHRGE VALVE SPRING 
The major factors of the compressor noise generated by the discharge valve spring are the 
resonance frequencies and the installation condition. 
Since the unstable installation condition may generate the abnormal noise, it should be 
designed to have fully-fixed or fully-free boundary conditions, as possible. Also, the friction 
between discharge valve spring and discharge cover may cause the high frequency noise (over 
5kHz). 
The fundamental natural frequency of the discharge valve spring is very important, since its 
motion can be amplified near the resonance. In general, it is difficult to measure the resonance 
frequency accurately, because the discharge valve spring is coupled with the installation 
conditions. <Figure 9> shows an example of the dynamic transmissibility of the discharge 
valve spring measured with two force transducers and shaker. As shown in figure, the 
resonance frequency is near 6kHz. Considering the natural frequencies of the shell, the 6kHz 
resonance is separated sufficiently from the noise sensitive frequency band. The effective 
method for moving the resonance frequencies of the discharge valve spring is to change its 
thickness, because the resonance frequency is proportional to the cubic of the thickness. 
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<Figure 9> The dynamic transmissibility of the discharge valve spring 
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7. CONCLUSIONS 
The conclusions in this paper can be summarized as follows. 
(1) The impact noise can be reduced by reduction of the discharge valve mass 
(2) The abnormal contact noise as well as the impact noise can also be reduced by increasing 
the stiffuess of discharge valve. However, it may increase the overshooting loss. 
(3) The fundamental natural frequency of the cylinder block should be designed to be under 
1.6kHz in order to reduce the noise from the discharge valve impact. 
( 4) The effective way for reducing the low-frequency band of discharge pressure is to install 
the several plenums, bit it should be noted that it may increase the overshooting loss. 
(5) The high frequency band of discharge pressure can easily influenced by the acoustic 
resonance of the discharge plenum. 
(6) The abnormal noise from the discharge valve spring is mainly caused by unstable 
installation condition. 
(7) The natural frequency of discharge valve spring should be taken into consideration in the 
process of design, because it may amplify the noise by the its own resonance. 
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